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The Effect of Hydroxyproline and Pro-Hyp Dipeptide on
UV-damaged Skin of Hairless Mice

Ji-Hae Lee, Jeong-Hye Seo', Young-Ho Park, Wan-Gi Kim!, Kyung-Min Lim, and Sang-Jun Lee'™
Pharmaceutical Research Institute and ‘Food Research Institute, AmorePacific Corporation/R&D Center

Abstract Hydroxyproline and Pro-Hyp dipeptide are the digestive products of collagen hydrolysate called collagen peptide.
Some suggested that collagen peptides could improve aged or damaged skins, however, the effects of collagen peptides on the
skin have not been known. In this study, we investigated the effects of digestive products of collagen peptides, hydroxyproline
and Pro-Hyp dipeptide on skin quality using the UV-damaged dorsal skin of hairless mouse as a model system. Female SKH
hairless mice were pre-i1zadiated with UV for 7 weeks, and then hydroxyproline, Pro-Hyp dipeptide were orally administered
for 7 weeks with UV irradiation. Wrinkle formation (by replica image), skin elasticity, barrier status (by TEWL, transepidermal
water loss), epidermis thickness, and biophysical changes in the stratum corneum (by hematoxylin & eosin staining) were
examined. With the oral peptide treatment, effects such as skin barrier maintenance, anti-skin thickening, and recovery of the
stratum corneum were observed. These results indicate that oral intake of collagen peptides may have beneficial effects on

damaged skin cells.
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& Hgd 283 hydroxyproline(4-hydroxypyrrolidine-2-carbox-
ylic acid), Pro-HypZ ZzV7}; Sigma(St. Louis, MO, USA), Bachem
(Bubendorf, Switzerlandye A& el AM&-19ith A5 HmiE=
7 Elol=e) 19 HFKS gi50kg/day)ys 71RO E B, =
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AL A ARSI 24 dZzzoEE AgAgs
(Choongwae Pharma Co., Seoul, Korea)& AME-3}31t}.
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A5 87 25-30¢ A=) SPH(specific pathogen free) U
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Table 1. Experimental group and dose regimen

Group uv Test material Amount of injection
NC X Saline 10 mi/kg
uc 0] Saline 10 ml/kg
UV/H 0O hydroxyproline 78 mg/10 ml/kg
Uv/p 0 Pro-Hyp 156 mg//10 ml/kg

NC: normal control, UC: UV control, UV/H: UV+hydroxyproline,
UV/P: UV+Pro-Hyp

% 50+5%, &% 60db ©[3k, F71 20ppm ©]3}, £%= 150-300
Lux, BYF7) 1247H07:00-19:00%B A 7he s HAE A¥85E
Ao A AAEF e, A 87|t F FEL polycarbonate cage
(26x42x18 cm, BRI AN caged 8u1E1A ARSSlFon, AR
AArolls AENE, FEHE B BAFS /A% wgE E4Th
Alg= vhes ALALS (Puring, St Lowis, MO, USAYE A-4-7
dalgor, 2E AYH AEI AFesE AfFolsd
SE MfAEE AEAAEAE 2 AR AAPE g IAWEE
ol &3l A¥FEE ARZHE S “Guide for the Care and Use
of Laboratory AnimalsE 7|92 3Tt

b

NC=(normal control), UCT-(UV control), UV/H=-(hydroxypro-
line 78 mg/kgFod), UV/PE(Pro-Hyp 156 mg/kg FohE 41 22
2 o] HESATHTable 1).
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12:00001 UVE ZARIATE UV 2AHE 918 elekgst S-AHA
UVE #&3}: UVB @ Z(Waldmann UV-800, Waldmann Co.,
Germany) 10715 £33l ARSIk AA F= 1 MED(minimal
erythemal dose, % 55-60 mi/em)E, B4 F= 2MED, A F
£ 3MED, YA FHE 49 £3X7K 4MEDE AT
ol UV FAEHS Waldmann UV meter(Waldmann Lichttechnik
GmbH, Waldmann Co., Germany)E ©]-83}a] 3elslgion, &
o] R Q3 A] SzhAel UV 41 9Ek ke vk YEE
R 4FH 34 AREHE UV AR AAEA goth 32 4
e 710 T A7 F F UV RARES 129 MEDSTH
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Iil-'f'-sl sor AE 3 m$REo| BM(replica image analysis)
FE MY &3] BAHS A 1] FE ARE £ 2 B
ﬂ’\](OT) g 45, 7530 H7E {1t T'}ZLO}J— IRFHE AH
Bt 2H & hairless mouse?] 55 E]X]‘féﬂﬂﬂr’/}(l\/lodel C-
700, Olympus, Japan)S ©o]&3 =24 #93dx, JyTEIH
(S]LFLO impression material, Flexico, Englandyg ©]-83}o] 3%
3 (replica)yS XH—.%ﬂ-"iE]— A HEFEHLS Yo AARE 20
Ei IR F, FE 28R Y 944L CCD FH|BHModel
SDC-45, Samsung, Seoul, Korea)2 o] o]v|z] #AdsE 312 7
FE GEA Al2-=Ql Skin Visiometer SV600 software(Courage

+Khazaka, Germany)E ©]-8-5}] RI1-R52] & Z38189tH17-19).
El_=rl_o| Bl &N
R ad 23 g A4

Koln, Germany)S ©]-2-3f] 2
A& tH20-22).

< 93l Cutometer SEM 575(C&K,
2 AE oF, 770 HR gL =

ojgel A =8 =MBHTEWL: transepidermal water loss)
&3
7o By HE Wgshr] $18 Vapometer SWLA102(Delfin
Technolog1es Ltd., Kuopio, Finland)E ©]8s) £ A8 753 3
T A FE AT Z455TH23-25).

=E|Ha| 3y HE

27 FHE 3 FEE WA F FF 3R dofid]
(1x1 cm), filter paper®l] —ﬁ»ﬂ Al FEs & 10% T4 2299
of IANZ g kAl 2AH BYS AH wel Tojst
o 4um EHE ZE H&E(hematoxylin & eosin) stain 2 Mas-
son-Trichrome staing AA] 8} T},

SH M|

B AT Aol A, IR 54 2 A3FY A Ue)
one-way ANOVAE HAI3L, Student t-testE ©]-&3l R+
UC)F AFEATAT 74y AT fo4& AHsY
(p<0.05).

Deformation (mm)

6 1 2 3 4 5 6 7 8 9 10
Time (sec)

Fig. 1. Skin deformation curve obtained with Cutometer.

Ue: immediate distention measured at 0.1 sec

Uv: delayed distention

Ur: immediate retraction

Uf: first max. amplitude, highest point of the first curve, total
deformation

Ua: total recovery, final retraction

I:*I
NCZE X33 E AJdZoM A1 717 B¢t
2 #AFFHA Fgen, A FEAM AYEFH FoR g
3 A BEHR) SITH(Table 2).

=) A 7 BEY AFTE
64 g0 & IE AFHAE YT A
B4 Bo717F £ NCZ, UV/PE, UVHTAA of7ke] xﬂz 7.}
27 iAot °1ul *éﬂl(l&%—%)ﬂw £ A9E AREE, 7
TRl UVRAN] @2 KEH 2 o8 AF Fart %_101%
Rog #a=, HF AFHE 284942.63-31.34+2.53 go| 3
o A NG F AT E SAEULEP<0.05) I3 M}
= #EY F JAAHFg 2).

29.25+1.08-31.12

AEMHET ¥ STMRE

A A 71Zk) A AR, S AHFE 2EE 2 AolE
Holx] vk Akl el <% o}LH %k‘?l Eqslez §
A AARE AABHA U THEFg. 3).

Replica Q&Y

UV ZA} 717F &, &¢te g 33 Al NGl ¥1s] UcZ4] o
T FE 7P FREsen, d¥Ed Foze uczel wis
F2 Zp) A1, 9% 3§ AU Fs3EuEg 4. 75 3

Table 2. Clinical signs and death rate in hairless mouse orally
treated with test materials

Group  Sex  AnimalNo. Clinical signs Mortality (%)
NC Female NF1-8 NAD" 0
ucC Female UF1-8 NAD 0
UV/H Female HF1-8 NAD 0
UV/P  Female PF1-8 NAD 0

YNo abnormalities detected
DNo. of dead/No. of treated animals
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Fig. 2. Body weights in hairless mouse orally treated with test
materials. Each point represents the meantS.D. (n=8).
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Fig. 3. Daily mean food uptake (A) and water consumption (B) in hairless mouse orally treated with test materials (n=8).
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njste| B 53
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Fig. 5. Evaluation of micro-relief of UV-damaged skin in hairless mouse and age-matched un-irradiated mouse at 0, 4, 7 weeks. Results
are expressed as mean values + S.D. for parameters R1-R5 (um). *, significantly different from UC group (P<0.05). H: horizontal, R1: distance
between the highest mountain and the lowest value, R3: average of the five maximum distances, R1, R2: biggest value of those five maximum

distances, R4: smoothness depth, R5: arithmetic average roughness

Table 3. Skin elasticity of female hairless mouse orally treated with test materials

Group 0 week 7 weeks
Ua/Uf Ur/Ue Uv/Ue Ur/Uf Ua/Uf Ur/Ue Uv/Ue Ur/Uf
NC Mean 0.92213* 0.98697* 0.43959 0.67756* 0.93061* 1.17234% 0.61276 0.72874*
S.D. 0.08430 0.29401 0.11948 0.14270 0.03403 0.04312 0.09382 0.04535
ue Mean 0.80885 0.64337 0.45329 045171 0.82164 0.94763 0.54266 0.61824
S.D. 0.03312 0.11090 0.06829 0.07005 0.11351 0.15795 0.08636 0.11817
UVIE Mean 0.80807 0.67167 0.45483 046134 0.81820 0.92453 0.52679 0.60801
S.D. 0.09778 0.21209 0.10841 0.14387 0.08462 0.09207 0.06545 0.08033
Uv/p Mean 0.78639 0.74243 0.51723 047777 0.73595 0.84715 0.60753 0.52408
S.D. 0.04138 0.08242 0.02137 0.05343 0.12507 0.14543 0.06357 0.08108

* Significantly different from UC group (P<0.05).

Skin elasticity is expressed as the physical variables Ua/Uf (Portion between the max. amplitude and the ability of redeformation of the skin), Ur/
Ue (Net elasticity), Uv/Ue (Portion of the visco-elasticity on the elastic part of the curve) and Ur/Uf (ortion of the elasticity compared to the
complete curve) which are measured with a Cutometer. These measurements were carried out 0 week and 7 week after treatment with test

materials. [n=8]

njse| Ao = =MBHTEWL: transepidermal water loss)
&3

7FAe] AYE AR Bed $4 23, UCE HE) NCE#
UV/HZ, UVPZ 2% §o802 TEWL 47} @A 119} A

¥ 8 EdF e AL ¥ = UATHTable 4).

o xEel wWalehy Aa

NCZ, UVHZ, UV/PZ& UCZY H3] d% FA7) #93
o2 ZHASYTHTable 4). AFZoMe Zdd oL 93
Masson-Trichrome stain®] 7% UCZIAE AE 23Z0|xg)
G ade] #AEG o, UCHE o199 ZE HAFNA A
HZ &4to]l A FEFR ol AFEZY 9T 8L Fal
& 4 AR Fig. 6).

Table 4. TEWL and epidermal thickness of hairless mouse orally
treated with test materials

Group TEWL Epidermal thickness
Mean 10.27* 15.4*
NC
S.D. 2.06 2.86
Mean 18.60 322
ucC
SD. 1.35 5.68
Mean 15.28%* 28.6*
UVH
S.D. 2.37 5.63
Mean 15.78* 24.8*%
UV/P
S.D. 2.96 331

* significantly different from UC group (P<0.05).
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NC

uc

UV/HE

uv/p

Fig. 6. Section of hairless mouse dorsal skin exposed to chronic
UV irradiation was stained with H&E (left) and Masson-
trichrome (right). Epidermis of Group NC, UV/H, and UV/P was
significantly thinner than Group UC. Note fainter stainability of
superficial dermis by Masson-trichrome dye in Group UC. x40.
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2po)Z o)A ety HF BEHE & A% NC2 2 EE
Hrol| A UCTol vl #2129 TEWL A5 #2e QI3
o 395 FAY AS NC%, UV/HZ, UV/PZL2 UCEel vl
I8 A7 f9802 dhstant AuSre] wdd el
3

lN

S ¢13)) 218 Masson-Trichrome stain®] 739 UCTIIA= A
A o] G Ade] FHAEG O, BE APZAM A
A% &l A 2

PEE R ool AYHEA o3 FES T

== =7u

a5 3131@
olAke] 43 A3} hydroxyproline, Pro-Hyp®] 74-7HHE-Fo] A
Aefadel) e H Fespt uE ARl B 83, A8 A

a %Loﬁiiﬂé frejH oz gl 4 gle
W, @ AR FE AN ARE FAF R4 gl AT
<o o}
=

58 dipeptide FeHel Pro-Hyps 4

7 T3 Agogrne g Y Bg o AAF 2 &4
£ o] BdEo] fUE FEHE =X T AANE o 7
o, @5 ng 22w &89

e 4 e F8E HE

S Q= PEAe RaFY. £ A 2ol Aeel=g

AR A Aol FaEe) Balg B 7 xHd gukd: ¥
e FF ARS T Avugi,
k=]

ket
A D2 A 5 o)A
o3|

1. Moskowitz RW. Role of collagen hydrolysate in bone and joint dis-
ease. Semin. Arthritis Rheu. 30: 87-99 (2000)

2. Qesser S, Adam M, Babel W, Seifert, J. Oral administration of (14)C
labeled gelatin hydrolysate leads to an accumulation of radioactivity in
cartilage of mice (C57/BL). J. Nutr. 129: 1891-1895 (1999)

3. Wu J, Fujioka M, Sugimoto K, Mu G, Ishimi Y. Assessment of effec-
tiveness of oral administration of collagen peptide on bone metabo-
lism in growing and mature rats. J. Bone Miner. Metab. 22: 547-553
(2004)

4, Iwai K, Hasegawa T, Taguchi Y, Morimatsu F, Sato K, Nakamura Y,
Higashi A, Kido Y, Nakabo Y, Ohtsuki K. Identification of food-
derived collagen peptides in human blood after oral ingestion of gela-
tin hydrolysates. J. Agr. Food Chem. 53: 6531-6536 (2005)

. Ohara H, Matsumoto H, Ito K, Iwai K, Sato K. Comparison of quan-
tity and structure of hydroxyproline-containing peptides in human
blood after oral ingestion of gelatin hydrolysates from different sources.
J. Agr. Food Chem. 55: 1532-1545 (2007)

6. Gelse K, Poshl E, Aigner T, Collagens—structure, function, and bio-

synthesis. Adv. Drug Deliver. Rev. 55: 1531-1546 (2003)

7. Uitto T, Olsen DR, FAzio MJ. Extracellular matrix of the skin: 50
years progress. J. Invest. Dermatol. 92: 61-77 (1989)

. Choi HC, Oh CH. Evaluation of skin furrows in the ageing process
using an image analysis system. Korean J. Dermatol. 35: 292-302
(1997)

9. Postlethwaite AE, Seyer JM, Kang AH. Chemotactic attraction of

9,1

oo



442 A F 75517 A 40 E Al 4 3 (2008)

human fibroblasts to type I, I, and HI collagens and collagen-derived
peptides. P. Natl. Acad. Sci. USA 75: 871-875 (1978)

10. Laskin DL, Kimura T, Sakakibara S, Riley DJ, Berg RA. Chemotactic
activity of collagen-like polypeptides for human peripheral blood neu-
trophils. J. Leukocyte Biol. 39: 255-266 (1986)

11. Postlethwaite AE, Kang A. Collagen and collagen peptideinduced
chemotaxis of human blood monocytes. J. Exp. Med. 143: 1299-1307
(1976)

12. Kim SK, Byun HG Park PJ, Shahidi E Angiotensin I converting
enzyme inhibitory peptides purified from bovine skin gelatin hydroly-
sate. J. Agr. Food Chem. 49: 2992-2997 (2001)

13. Bisset DL, Hannon DP, Orr TV. An animal model of solar-aged skin:
histological, physical, and visible changes in UV-irradiated hairless
mouse skin. Photochem. Photobiol. 46: 367-378 (1987)

14. Hiroaki M, Ichiro K, Tomomi S, Toshio I. Prevention of the photo-
damage in the hairless mouse dorsal skin by kojic acid as an iron che-
lator. Eur. J. Pharmacol. 411: 169-174 (2001)

15. Nishimori Y, Edwards C, Pearse A, Matsumoto K, Kawai M, Marks
R. Degenerative alterations of dermal collagen fiber bundles in photo-
damaged human skin and UV-irradiated hairless mouse skin: Possible
effect on decreasing skin mechanical properties and appearance of
wrinkles. J. Invest. Dermatol. 117: 1458-1463 (2001)

16. Kim SY, Kim SJ, Lee JY, Kim WG, Park WS, Sim YC, Lee SI. Pro-
tective effects of dietary soy isoflavones against UV-induced skn —
aging in hairless mouse model. J. Am. Coll. Nutr. 23: 157-162 (2004)

17. Kim SY, Ahn DK, Park SK, Lee JY, Kim WG Sim YC, Lee SJ. Pro-
tective effects of jaummi-dan (ciyinmei-dan) against skin photoaging

in hairless mouse model and UVB-induced damage in human fibro-
blast. J. Korean Oriental Med. 23: 43-53 (2002)

18. Lee JH, Lee BS, Byun BS, Kim WG Lee SJ, Sim YC, Kim BH.
Effect fo APB-01 on the ultraviolet-induced photoaging and wrinkle
formation in the hairless mice. J. Toxicol. Pub. Health 19: 303-310
(2003)

19. Lee JH, Lee BS, Yang MS, Byun BS, Kim WG Kim BH, Lee SJ. Pre-
vention of photoaging and wrinkle formation in hairless mice dorsal
skin by APB-03. Korean J. Food Sci. Technol. 37: 989-996 (2005)

20. Dobrev H. In vivo study of skin mechanical properties in Raynaud’s
phenomenon. Skin Res. and Technol. 13: 91-94 (2007)

21. Dobrev H. A study of human skin mechanical properties by means of
cutometer. Folia Medica 44: 5-10 (2002)

22. Takema Y, Imokawa G. The effects of UVA and UVB irradiation on
the viscoelastic properties of hairless mouse skin in vivo. Dermatol-
ogy 196: 397-400 (1998)

23. De Paepe K, Houben E, Adam R, Wiesemann F, Rogiers V. Valida-
tion of the VapoMeter, a closed unventilated chamber system to assess
transepidermal water loss vs. the open chamber Tewameter. Skin Res.
Technol. 11: 61-69 (2005)

24. Fluhr JW, Feingold KR, Elias PM. Transepidermal water loss reflects
permeability barrier status: Validation in human and rodent in vivo and
ex vivo models. Exp. Dermatol. 15: 483-492 (2006)

25. Jiang SJ, Chen JY, Lu ZF, Yao J, Che DF, Zhou XIJ. Biophysical and
morphological changes in the stratum corneum lipids induced by UVB
itradiation. J. Dermatol. Sci. 44: 29-36 (2006)



